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The following thesis presents an investigation into the mechanical behavior of 17-4 PH stainless steel powder 
processed by selective laser melting, an additive manufacturing technology. Tensile evaluation of material 
produced as part of this study was performed across a range of strain rates to identify the relationship between 
mechanical performance and this processing method. In addition to evaluating the strain rate sensitivity, the 
efficacy of post-production aging heat treatments was measured for specimens processed in accordance to and apart 
from industry standards. Measurements made of the as-fabricated and thermally processed microstructure indicate a 
high volume fraction of metastable austenite amidst the primary lath martensite. The presence of this phase effects 
both mechanical performance and thermal processing results	 	  
 
Relatively high volume fractions of face centered cubic austenite in excess of 36% were measured within the 
as-fabricated structure. Retention of this phase was found to significantly reduce yield strength of the as-fabricated 
material. However, the yield stress was found to monotonically increase with strain rate. Ultimate tensile strength 
was found to be susceptible to temperature that occurs with plastic deformation. In tensile testing where the strain 
rate is sufficiently high, the increase in specimen temperature due to adiabatic heating prevents the strain-induced 
transformation of austenite to martensite. This inhibits the transformation-induced plasticity observed in isothermal 
tensile evaluation at quasi-static strain rates. This thermal stabilization mechanism was verified by elevated 
temperature testing at quasi-static strain rates. 
 
Measurements of alloy distribution in the as-fabricated condition are also presented in addition to characterization 
by transmission electron, scanning electron, and optical microscopy. Consistent segregation of austenite stabilizing 
elements is found along fusion boundaries between each melt pool as developed during selective laser melting. 
However, the volume fraction of austenite retention measured precludes this as the primary source of its 
stabilization. The evolution of the dual phase material and the formation of the desired precipitation hardening with 
thermal processing are investigated. From tensile testing it is found that relative strength increases are reduced for 
specimens with initially high volume fractions of austenite. Fully martensitic specimens following solution heat 
treatment achieve greater increases in relative strength via aging. Austenite significantly inhibits age hardening by 
maintaining higher solubility of the precipitating alloying element that is otherwise in a saturated state in the 
primary martensite. Additionally, non-standard thermal processing progressively revert austenite to martensite by 
relieving residual thermal stresses related to the selective laser melting process. This significantly alters the 
mechanical performance at yield and subsequent work hardening in these cases.  	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